Kubo formalism is used to calculate the magnetoresistance due to magnetization rotation in a structure consisting of two magnetic films separated by a nonmagnetic layer. In the approximation of a uniform relaxation time for each layer, the oscillatory term in magnetoresistance corresponds to the oscillation period which depends on the potential barriers at the interfaces. This period is longer than the oscillation period observed in the coupling parameter.
The oscillatory interlayer coupling in magnetic multilayers [1] is of quantum origin and is usually described either in terms of the Ruderman-Kittel-KasuyaYoshida theory [2] , or within the spin-dependent quantum-well models [3] . In both approaches the oscillations result from spin dependent interference of electron waves and the oscillation periods are determined by the extremal spanning vectors of the appropriate Fermi surface.
On the contrary, the giant magnetoresistance (GMR) effect [4] is not of quantum origin and therefore there is no direct link between the interlayer coupling phenomenon and GMR, except that in many cases the antiferromagnetic coupling is used to obtain the antiparallel alignment of the film magnetizations. However, the interference effects responsible for the oscillatory coupling can also give rise to an oscillatory contribution to the GMR effect [5, 6] . In the free-electron-like model and without taking into account the aliasing effect, there is a single oscillation period Λc in the coupling parameter, Λ in GMR and interlayer coupling corresponding to the oscillation period A c are then correlated [7] . However, there are additional oscillations in GMR, with the oscillation period longer than Λc and dependent on the potential barriers at the interfaces. In this paper we concentrate just on those long-period oscillations in GMR.
We consider two ferromagnetic films of the same thickness dm , which are separated by a nonmagnetic film of thickness d. The electronic properties are described within the free-electron-like approximation with a spin dependent effective electron potential Uσ(z). The potential is uniform across the layers and inside the magnetic films Uσ(z) = U+ if a corresponds to the spin-majority electrons and Uσ(z) = U_ for the spin-minority electrons. In the nonmagnetic spacer we assume Uσ(z) = U0 = O for both spin orientations.
When considering only parallel and antiparallel orientations of the film magnetizations (and neglecting spin-flip scattering processes), one may analyse both spin channels separately and simply add the conductivities of the individual channels. Taking into account the Kubo formula one can write the leading contribution to the global in-plane conductivity g in the form
where qF is the Fermi wave vector and L is the total thickness of the structure. The retarded and advanced Green functions, GRqσ(z, z') and GAqσ(z, z'), are written here in the mixed (q, z) representation and are taken at the Fermi energy Er' .
The impurity averaged Green function GRqσ(z, z') can be found from the differential equation where τo (z) is the local relaxation time. The calculations are significantly simplified by assuming τ0 (z) constant across each sublayer, but different in different layers. This is, however, a very rough approximation. It does not lead to quantum--size oscillations of the conductivity in a single film when the number of particles is constant. It also gives no oscillations due to external size effects in sandwich structures. The only oscillatory term which survives (at least in a changed form) is the one due to internal size effects. Thus the approximation may be used in the limit where long-period oscillations in GMR dominate. The advantage of this approximation is that it enables analytical derivation of the corresponding Green functions and, consequently, analytical integrations over z and z' in Eq. (1). The integration over q, however, has to be performed numerically.
To calculate the interlayer coupling we neglect the influence of the impurities. The electronic spectrum consists then of two-dimensional parabolic minibands and the coupling parameter J is given by [8] Here, N is the number of occupied minibands, N = Σnσ Θ(EF -εn,) and Σ is defined as Σ = Σno εnσ(EF -ε n ,), where εnσ are the discrete energy levels for Numerical results for a constant particle number are shown in Fig. 1 , where the coupling parameter J and the relative resistivity change, Δp/p|| = (p|| -p||)/p|| (p|| and p|| being the resistivities respectively in the antiparallel and parallel configurations) are shown as a function of the spacer thickness. The GMR effect is there due to spin dependent electron scattering on impurities inside the magnetic films, which is described by the electron mean free paths λ + and λ_ respectively for the spin-majority and spin-minority electrons. For the nonmagnetic spacer we assume the same mean free path λ for both spin orientations. The oscillations in GMR originate from the internal size effect and the corresponding oscillation period depends on the potential barriers at the interfaces. The short-period (Δc) oscillations do not occur in GMR in the approximation used. However, only the short-period oscillations are allowed in the coupling parameter. Thus, when the long-period oscillations in GMR dominate, then the oscillations in GMR and interlayer coupling are different and not correlated. For the parameters used in Fig. 1 the oscillation periods differ by a factor approximately equal to 2, but in general this factor can be arbitrary.
